A novel way to describe the complexity of biological and engineering approaches depending on the number of different base materials is proposed: Either many materials are used (material dominates) or few materials (form dominates) or just one material (structure dominates). The complexity of the approach (in biology as well as in engineering) increases with decreasing number of base materials. Biomimetics, i.e., technology transfer from biology to engineering, is especially promising in MEMS development because of the material constraints in both fields. The Biomimicry Innovation Method is applied here for the first time to identify naturally nanostructured rigid functional materials, and subsequently analyse their prospect in terms of inspiring MEMS development.
Introduction
In biomimetics, materials, processes and systems in nature are analysed, the underlying principles are extracted and subsequently applied to science and technology [1] [2] [3] . This approach can result in innovative new technological constructions, processes and developments. Biomimetics can aid MEMS developers to manage the specific requirements in systems or product design, which are even more relevant than for conventional products, especially to create products and processes that are sustainable and perform well (e.g. to overcome stiction), to integrate new functions, to reduce production costs, to save energy, to cut material costs, to redefine and eliminate "waste", to heighten existing product categories, to define new product categories and industries, to drive revenue and to build unique brands [4] [5] . Recurrent principles in biological materials and systems are hierarchy [6] [7] and multi-functionality. Vincent and co-workers analysed 500 biological phenomena, covering over 270 functions, at different levels of hierarchy [8] . Depending on the extent to which each level of the hierarchy is dependent on its lower levels, adaptation or optimization of the biomaterial is independently possible at each level of hierarchy. Size differences between hierarchy levels tend to be about a factor of ten [9] . A major advantage of hierarchical structuring is that the material can be made multifunctional and that a specific material property, such as fracture toughness, can be improved by optimization at different size levels. A direct consequence is the increase in adaptability of natural materials. Functions can be modified or enriched by structuring on an additional level of hierarchy. Adaptability increases, therefore, as a function of the number of levels of hierarchy. This is probably why such a wide range of material and structural properties (see Figure 1 for biological SiO 2 structures in glass-making microorganisms) can be provided in nature by such a small range of base materials [9] [10] .
Materials and Methods
The complexity of biological and engineering approaches depend on the number of different base materials used: Either many materials are used (material dominates) or few materials (form dominates) or just one material (structure dominates). The importance of structures and the complexity of the approach (in biology as well as in engineering) increase inversely with the number of different materials that are or can be used. This can be seen in technology from the macrometer to the nanometer length scale. The Eiffel tower, e.g., which is mainly made from steel, has many levels of structural hierarchy with important structures on every length scale. Also in MEMS and NEMS technology, a limited number of base materials is used (such as Si, SiO 2 , Silicon nitride, GaAs, Silicon carbide, diamond, InP, SiGe, ferroelectric materials and polymers), providing a wide range of functional and structural properties. Because of these material constraints biomimetics is especially promising in MEMS development. The Biomimicry Innovation Method (© Biomimicry Guild, Helena, MT, USA 2008) is applied to identify high-potential candidates for inspiring emerging MEMS technologies as well as optimising existing ones.
The experience of one of the authors (ICG) on the boundary between biology and engineering, literature search, talks with experts from biology and the AskNature.org database provided by the Biomimicry Institute are utilized in course of the Biomimicry Innovation Method to exploit the large biodiversity in rainforests and in the water bodies of the world and to find biological inspiration for functions such as click-stop mechanisms, micropumps, energy dissipation and lubrication (Table 1) . Functions relevant for MEMS are identified, and in the next step, biologised questions such as "How does nature make connections between rigid parts on the micrometer length scale?" or "How does nature pump micro-and nanolitre liquid volumes?" are asked. The basic question is "What would nature do?" with respect to issues that arise in 3D-MEMS development. As third step, Nature´s best practices are identified, e.g., by screening the relevant literature or by entering a highly inspiring environment with the biologised questions in mind (task-oriented visit to a habitat with high species diversity, e.g. the rain forest or a coral reef). Thereby a compendium of how plants, animals and ecosystems solve the specific challenge is obtained. The fourth and last step of the Biomimicry Innovation Method is to generate process/product ideas from the best practices (90% of which are usually new to engineers). 
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Results and Outlook
The best practices identified are biological micro-and nanostructures in organisms as diverse as algae, horses, Malaysian tropical rainforest understory plants, peacocks, birds, green algae, humans (immune system), adhesive pads in the gecko and in herbivorous insects as well as the mechanical defence strategies of their food (wax crystals). The summary of the results is given in Table 1 . MEMS developers interested in including the bioinspired approaches presented in this work have been identified and as next step bioinspired 3D MEMS will be designed and modelled and prototypes will be constructed. Euglena gracilis pellicle [24] lab-on-a-chip Fixation … mechanically fix structures?
Application of the Biomimicry Innovation
Corethron pennatum, Corethron criophilum [12] 3D-MEMS, lab-on-a-chip Selective, switchable adhesion … reversibly adhere to structures?
Immune system [16] [25] [26] [27] [28] , gecko foot [29] [30] , insect attachment pads [31] , plant wax surfaces [32] lab-on-a-chip devices, reusable: trap, test and release and start again Advanced Materials Research Vol. 74 267
